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(57) ABSTRACT 

A dual-sided circuit board module designed for an operating 
position that is not perpendicular to a system motherboard 
Will be coupled to the motherboard by leads having at least 
tWo different lengths. Because leads of differing lengths 
have differing associated inductance, the operating charac 
teristics of the leads and therefore the devices coupled to the 
leads Will differ. In order to improve the operating charac 
teristics of the module, integrated circuit packages are 
selected based on the inductive (and possibly other) qualities 
of the leads to Which the respective packages are coupled. In 
one embodiment, leads having a larger inductance are 
coupled to integrated circuit (IC) packages having a smaller 
inductance and vice versa, Which alloWs the inductive char 
acteristics of the various components of the module to have 
more closely matching inductive characteristics than Would 
otherWise be possible. 
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MODULE HAVING INTEGRATED CIRCUIT 
PACKAGES COUPLED TO MULTIPLE SIDES 

WITH PACKAGE TYPES SELECTED BASED ON 
INDUCTANCE OF LEADS TO COUPLE THE 
MODULE TO ANOTHER COMPONENT 

FIELD OF THE INVENTION 

[0001] The invention relates to circuit board modules 
having multiple integrated circuit packages. More speci? 
cally, the invention relates to the inductive properties of 
circuit board modules coupled With leads of differing 
lengths. 

BACKGROUND OF THE INVENTION 

[0002] Memory modules Within computer or other elec 
tronic systems often consist of a printed circuit board (PCB) 
With integrated circuit (IC) packages containing the memory 
circuits attached to the PCB. These memory modules can 
take various forms knoWn in the art, for example, single 
in-line memory modules (SIMMs), dual in-line memory 
modules (DIMMs), and other forms. The modules are 
coupled to a motherboard having system components such 
as one or more processors, buses, I/O devices, etc., by an 
interface that has multiple leads to make an electrical contact 
With the memory module. 

[0003] The leads of the memory module interface have 
associated electrical properties including inductance, Which 
is proportional to a resistance to current ?oW provided by the 
leads. Inductance causes a current lag in Which current ?oW 
lags the corresponding voltage change. For example, When 
a voltage level changes on a memory module interface lead, 
the inductance of the lead affects the timing With Which the 
corresponding current changes. Because current is required 
to change the states of the transistors Within the memory 
module ICs, inductance can affect the operation of the 
memory module. 

[0004] As clock frequencies Within electronic systems 
increase, the voltage changes used to communicate the clock 
frequencies become closer together in time and the imped 
ance of the leads can become a factor in operational fre 
quency. Speci?cally, a suf?ciently high operating frequen 
cies, the inductance of a module and associated leads can 
become a limiting factor in the speed at Which the module 
can operate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The invention is illustrated by Way of example, and 
not by Way of limitation, in the ?gures of the accompanying 
draWings in Which like reference numerals refer to similar 
elements. 

[0006] FIG. 1 is a block diagram of one embodiment of a 
computer system. 

[0007] FIG. 2 illustrates one embodiment of a module 
having integrated circuit packages coupled to multiple sides. 

[0008] FIG. 3 illustrates one embodiment of a module 
having integrated circuit packages coupled to multiple sides 
that is coupled to another component by leads having 
differing lengths. 
[0009] FIG. 4 illustrates one embodiment of an electronic 
system With multiple modules having integrated circuit 
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packages coupled to multiple sides that are coupled to a 
motherboard by leads having differing lengths. 

DETAILED DESCRIPTION 

[0010] A circuit board module having multiple integrated 
circuit (IC) package types is described. In the folloWing 
description, for purposes of explanation, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the invention. It Will be apparent, hoWever, to 
one skilled in the art that the invention can be practiced 
Without these speci?c details. In other instances, structures 
and devices are shoWn in block diagram form in order to 
avoid obscuring the invention. 

[0011] Reference in the speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
invention. The appearances of the phrase “in one embodi 
ment” in various places in the speci?cation are not neces 
sarily all referring to the same embodiment. 

[0012] A dual-sided circuit board module designed for an 
operating position that is not perpendicular to a system 
motherboard Will be coupled to the motherboard by leads 
having at least tWo different lengths. Because leads of 
differing lengths have differing associated inductance, the 
operating characteristics of the leads and therefore the 
devices coupled to the leads Will differ. In order to improve 
the operating characteristics of the module, integrated circuit 
packages are selected based on the inductive (an possibly 
other) qualities of the leads to Which the respective packages 
are coupled. In one embodiment, leads having a larger 
inductance are coupled to IC packages having a smaller 
inductance and vice versa, Which alloWs the inductive char 
acteristics of the various components of the module to have 
more closely matching inductive characteristics than Would 
otherWise be possible. 

[0013] FIG. 1 is a block diagram of one embodiment of a 
computer system. The computer system illustrated in FIG. 
1 is intended to represent a range of computer systems, for 
example, a laptop computer system, a loW-pro?le server 
system or any other electronic system having memory 
modules. Alternative computer systems can include more, 
feWer and/or different components. 

[0014] Computer system 100 includes bus 101 or other 
communication device to communicate information, and 
processor 102 coupled to bus 101 to process information. 
While computer system 100 is illustrated With a single 
processor, computer system 100 can include multiple pro 
cessors and/or co-processors. Computer system 100 further 
includes random access memory (RAM) or other dynamic 
storage device 104 (referred to as main memory), coupled to 
bus 101 to store information and instructions to be executed 
by processor 102. Main memory 104 also can be used to 
store temporary variables or other intermediate information 
during execution of instructions by processor 102. 

[0015] Computer system 100 also includes read only 
memory (ROM) and/or other static storage device 106 
coupled to bus 101 to store static information and instruc 
tions for processor 102. Data storage device 107 is coupled 
to bus 101 to store information and instructions. Data 
storage device 107 such as a magnetic disk or optical disc 
and corresponding drive can be coupled to computer system 
100. 
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[0016] Main memory 104, ROM 106, or any other 
memory module can consist of multiple modules coupled to 
a system motherboard (not shoWn in FIG. 1) by a set of 
leads. The memory modules can be at an angle other then 
90° With respect to the motherboard such that the leads 
coupled to one side of the module are shorter than leads 
coupled to another side of the module. In such a con?gu 
ration, the inductance of the longer leads is higher than the 
inductance of the shorter leads. 

[0017] While inductance and module design are described 
With respect to memory modules, the same designs and 
techniques can be applied to other types of devices. For 
example, one or more processors of a computer system can 
be mounted to a printed circuit board (PCB) or other 
material that is coupled to another board by a set of leads. 
The processor module can be designed as described herein 
With respect to memory modules. 

[0018] Computer system 100 can also be coupled via bus 
101 to display device 121, such as a cathode ray tube (CRT) 
or liquid crystal display (LCD), to display information to a 
computer user. Alphanumeric input device 122, including 
alphanumeric and other keys, is typically coupled to bus 101 
to communicate information and command selections to 
processor 102. Another type of user input device is cursor 
control 123, such as a mouse, a trackball, or cursor direction 
keys to communicate direction information and command 
selections to processor 102 and to control cursor movement 
on display 121. Computer system 100 further includes 
netWork interface 130 to provide access to a netWork, such 
as a local area netWork. 

[0019] FIG. 2 illustrates one embodiment of a module 
having integrated circuit packages coupled to multiple sides. 
Module 200 includes printed circuit board (PCB) 210, 
integrated circuit package 220, integrated circuit package 
230 and serial presence detect chip 240. Other IC compo 
nents can also be coupled to PCB 210. 

[0020] In one embodiment, IC package 220 is a ?eld ball 
grid array (FBGA) package and IC package 230 is a thin 
small outline package (TSOP) IC package that has less 
inductance than FBGA IC package 220. Any type of IC 
package can be used to more closely match inductance 
betWeen sides of a module When the module is coupled to a 
motherboard by one or more sets of leads. By using different 
package types, inductance matching is easier to accomplish 
than by more traditional serpentine routing techniques that 
can degrade signal quality. 

[0021] Serial presence detect chip 240 is an optional 
component for module 200. Serial presence detect chip 240 
can indicate to an operating system (OS) or basic input/ 
output system (BIOS) the con?guration of module 200 for 
con?guration or other purposes. In one embodiment, serial 
presence detect chip 240 is coupled to the motherboard by 
an Inter-IC (I2C) interface; hoWever, other types of inter 
faces can also be used. 

[0022] IC packages are described as FBGA and TSOP 
packages. HoWever, any type of IC package can be used for 
a module. These IC packages include, but are not limited to, 
Dual In-line Package (DIP), Shrink DIP (SDIP), Pin Grid 
Array (PGA), Interstitial PGA (IPGA), Small Outline Pack 
age (SOP), Small Outline J-lead (SOJ) package, Leadless 
Chip Carrier (LCC), J-Leaded Chip Carrier (JLCC), Quad 
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Flat Pack (QFP), Metal QFP (MQFP), Thin QFP (TQFP), 
Very small QFP (VQFP), Ball Grid Array (BGA), Interstitial 
BGA (IBGA), Micro BGA (MBGA). 

[0023] FIG. 3 illustrates one embodiment of a module 
having integrated circuit packages coupled to multiple sides 
that is coupled to another component by leads having 
differing lengths. Module 200 is coupled to another com 
ponent such as motherboard 340 by multiple leads. With 
respect to FIG. 3 a“set” of leads refers to one or more leads 
having substantially similar length. For example, FIG. 3 
illustrates tWo sets of leads (310 and 320) one of Which 
includes leads that are longer than the other set. Although 
depicted as disparate elements, those skilled in the art Will 
appreciate that leads 310 and 320 may Well be embodied 
Within a connector. According to one example implementa 
tion, leads 310 and 320 are embodied Within a single, 
fabricated surface mount connector. Those skilled in the art 
Will appreciate that any of a number of connectors Which 
implement the teachings of the present invention may Well 
be used. 

[0024] Module 200 is coupled to motherboard 340 at a 
predetermined angle 360. For example, in a 1U server, 
Which is 1.75 “ tall, the predetermined angle 360 is approxi 
mately 25°. For other applications, predetermined angle 360 
may be a different angle. 

[0025] If predetermined angle 360 is any angle other than 
90°, the length of the leads in the sets of leads (e.g., 310 and 
320) that couple module 200 to motherboard 340 Will be 
different. In general, the more the angle 360 differs from 90°, 
the greater the difference in length betWeen the sets of leads 
and the greater the difference in lead length the greater the 
difference in inductance values betWeen the sets of leads. 

[0026] In one embodiment, the set of leads that couple 
packages on one side of the module board to the mother 
board are approximately equal in length and the set of leads 
that couple packages on the other side of the module board 
to the motherboard are approximately equal in length, but a 
different length than other set of leads. Other lead con?gu 
rations can also be supported, for example, the average 
inductance for a set of leads having differing lengths can be 
used as the inductance value for the set of leads. 

[0027] In the example of FIG. 3, leads 310 are longer than 
leads 320 and therefore the inductance of leads 310 is greater 
than the inductance of leads 320. Because the inductance of 
leads 320 is greater than the inductance of leads 310, the IC 
package coupled With leads 320 has a loWer inductance than 
the IC package that is coupled the IC package coupled With 
leads 310. In one embodiment, the IC package coupled With 
leads 310 is a FBGA package and the IC package coupled 
With leads 320 is a TSOP package. In alternate embodi 
ments, other IC package combinations can also be used. 

[0028] In addition to providing a measure of inductance 
matching, the use of different types of IC packages can 
provide other bene?ts. For example, the combination of 
FBGA and TSOP packages described above can be manu 
factured at a loWer cost than a module With FBGA packages 
on both sides of the board. Routing bene?ts can also be 
achieved through use of different types of IC packages by 
eliminating routing for inductance matching purposes. 

[0029] FIG. 4 illustrates one embodiment of an electronic 
system With multiple modules having integrated circuit 
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packages coupled to multiple sides that are coupled to a 
motherboard by leads having differing lengths. The example 
of FIG. 4 illustrates tWo modules (e.g., memory modules) 
coupled to a motherboard having a single processor; hoW 
ever, any number and/or type of modules as Well as any 
number and/or type of other devices can be coupled to 
motherboard 340. 

[0030] Processor 400 is coupled to motherboard 340 in 
any manner knoWn in the art. Processor 400 is illustrated as 
a TSOP package; hoWever, any type of package can be used. 
Processor 400 is coupled to leads 310 and 320 by a bus or 
other device (not shoWn in FIG. 4). Signals are routed 
betWeen the bus to modules 200 by leads 310 and 320. 

[0031] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. It Will, hoWever, be evident that various modi?ca 
tions and changes can be made thereto Without departing 
from the broader spirit and scope of the invention. The 
speci?cation and draWings are, accordingly, to be regarded 
in an illustrative rather than a restrictive sense. 

What is claimed is: 
1. A module comprising: 

a board to be coupled to a ?rst set of leads having a ?rst 
inductance and a second set of leads having a second 

inductance; 
a ?rst integrated circuit package having a third inductance 

coupled to a ?rst side of the board; and 

a second integrated circuit package having a fourth induc 
tance coupled to a second side of the board. 

2. The module of claim 1 Wherein the board comprises a 
printed circuit board (PCB). 

3. The module of claim 1 Wherein the ?rst inductance and 
the third inductance are substantially matched and the sec 
ond inductance and the fourth inductance are substantially 
matched. 

4. The module of claim 1 Wherein the ?rst set of leads are 
longer than the second set of leads. 

5. The module of claim 1 Wherein the ?rst integrated 
circuit package comprises a Field Ball Grid Array (FBGA) 
package. 

6. The module of claim 1 Wherein the second integrated 
circuit package comprises a Thin Small Outline Package 
(TSOP) package. 

7. The module of claim 1 Wherein the ?rst set of leads and 
the second set of leads couple the board to a second board 
and further Wherein an angle betWeen the board and the 
second board is less than 90°. 

8. The module of claim 7, Wherein the ?rst set of leads and 
the second set of leads are integrated Within a connector, to 
couple the board to the second board at an angle less than 
90°. 

9. The module of claim 8, Wherein the angle less than 90° 
is an angle of 25°. 

10. The module of claim 1 further comprising a Presence 
Detect (PD) component to identify the module as having the 
?rst integrated circuit package having the third inductance 
coupled to the ?rst side of the board and the second 
integrated circuit package having the fourth inductance 
coupled to the second side of the board. 

11. The module of claim 1 Wherein the ?rst integrated 
circuit package includes one or more memory circuits. 
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12. The module of claim 11 Wherein the second integrated 
circuit package includes one or more memory circuits. 

13. The module of claim 1 Wherein the ?rst integrated 
circuit packages includes one or more processors. 

14. A memory system comprising: 

a ?rst board to be coupled to a ?rst set of leads having a 
?rst inductance and a second set of leads having a 
second inductance, the ?rst set of leads and the second 
set of leads to couple the ?rst board to a second board; 

a ?rst integrated circuit package having a third inductance 
coupled to a ?rst side of the ?rst board; and 

a second integrated circuit package having a fourth induc 
tance coupled to a second side of the ?rst board. 

15. The memory system of claim 14 Wherein the ?rst 
inductance and the third inductance are substantially 
matched and the second inductance and the fourth induc 
tance are substantially matched. 

16. The memory system of claim 14 Wherein the ?rst set 
of leads are longer than the second set of leads. 

17. The memory system of claim 14, Wherein the ?rst set 
of leads and the second set of leads are integrated Within a 
single connector. 

18. The memory system of claim 14 Wherein the ?rst 
integrated circuit package comprises a Field Ball Grid Array 
(FBGA) package. 

19. The memory system of claim 14 Wherein the second 
integrated circuit package comprises a Thin Small Outline 
Package (TSOP) package. 

20. The memory system of claim 14 Wherein an angle 
betWeen the ?rst board and the second board is less than 90°. 

21. The memory system of claim 20, Wherein the angle 
less than 90° is an angle of 25°. 

22. The memory system of claim 14 further comprising a 
Presence Detect (PD) component to identify the module as 
having the ?rst integrated circuit package having the third 
inductance coupled to the ?rst side of the board and the 
second integrated circuit package having the fourth induc 
tance coupled to the second side of the board. 

23. An electronic device comprising: 

a ?rst board With components coupled thereto; 

a second board to be coupled to a ?rst set of leads having 
a ?rst inductance and a second set of leads having a 
second inductance, the ?rst set of leads and the second 
set of leads to couple the second board to the ?rst board 
With a predetermined angle; 

a ?rst integrated circuit package having a third inductance 
coupled to a ?rst side of the second board; and 

a second integrated circuit package having a fourth induc 
tance coupled to a second side of the second board. 

24. The electronic device of claim 23 Wherein the ?rst 
inductance and the third inductance are substantially 
matched and the second inductance and the fourth induc 
tance are substantially matched. 

25. The electronic device of claim 23 Wherein the ?rst set 
of leads are longer than the second set of leads. 

26. The electronic device of claim 23 Wherein the ?rst 
integrated circuit package comprises a Field Ball Grid Array 
(FBGA) package. 
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27. The electronic device of claim 23 Wherein the second 
integrated circuit package comprises a Thin Small Outline 
Package (TSOP) package. 

28. The electronic device of claim 19, Wherein the ?rst 
leads and the second leads are fabricated Within a connector, 
and Wherein the predetermined angle is less than 90°. 

29. The electronic device of claim 23, Wherein the second 
board further comprises a Presence Detect (PD) component 
to identify the module as having the ?rst integrated circuit 
package having the third inductance coupled to the ?rst side 
of the board and the second integrated circuit package 
having the fourth inductance coupled to the second side of 
the board. 
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30. The electronic device of claim 23, further comprising: 

a third board to be coupled to a third set of leads having 
a ?fth inductance and a fourth set of leads having a 
siXth inductance, the third set of leads and the fourth set 
of leads to couple the third board to the second board 
With approximately the predetermined angle; 

a third integrated circuit package having a seventh induc 
tance coupled to a ?rst side of the third board; and 

a fourth integrated circuit package having an eighth 
inductance coupled to a second side of the third board. 

* * * * * 


